The Xga blood groups were determined with a single example of anti-Xga serum detectable only by the indirect antiglobulin technique with selected anti-human globulin sera (rabbit).
Colour Blindness. Tests were carried out by means of the Isihara plates (editions of 1960 and 1964) using bright daylight with rare exceptions.
The Family. This large and far-flung family, of English origin, has been settled for several generations in North Carolina where many members were visited in their homes. Others had moved to Buffalo, New York and were studied there, and some were seen when they visited Buffalo. Most members of the family have cooperated enthusiastically in the study and are aware that the condition is hereditary. The propositus, J.L. (V.37), who was first seen by Jacobsen when he suffered an acute episode of back pain at the age of 15, was reexamined in the present investigation at the age of 44. The latest revision of the pedigree is set out in Fig. 1 , and further details are included in Table I and in the following individual case reports.
Case Reports I1.5 (J.B.) is known to have been affected, by history, and from Jacobsen's report (1939) in which he is case 4. Kyphosis began in childhood and became more pronounced until early manhood. He subsequently suffered increasing rigidity of the back and hips but had led a normal, active life. Radiological findings are described by Jacobsen (1939) and included characteristic changes in the spine and marked osteoarthritis of the hips. We do not know his subsequent history in detail, but he died at home aged 71.
IV.6 (H.M.) aged 67 was the oldest patient seen by us. He was uncertain when his short stature had first been 291 Affected male (IV.6), aged 67. Because of rigidity of spine and hips the patient used a rope hung from the ceiling to swing himself in and out of a chair and from room to room. noticeable, but himself dated it to an accident with a wagon at the age of 8 to 10 after which he failed to grow. However, he had been able to work in a cotton mill until he was aged 34. From then on he had recurrent episodes of arthritis of the feet and hips. At the age of 50 an operation was carried out on his right hip. In recent years, he had become increasingly stiff and troubled by pain in the spine and hips, so that he had been unable to leave the house and was unable to get into a car. On inspection, the short neck and forward protrusion of the chest were striking. The spine and hips seemed to be completely stiff, so that the patient moved and sat in one piece. He was able to work his way around two rooms of his house by means of a rope attached to the ceiling (Fig.  2) (V.37) aged 16 (Fig. 5a ) and aged 17 (Fig. 5b) IV.31 (Mrs B.B.) also the daughter of one affected male (III.5) and the mother of another (V.45) had no recent complaints except for slight backache. Apart from scars of cholecystectomy and Caesarean section no clinical abnormalities were found. Radiology of spine, pelvis, and hips was normal. Both this patient's children (C.B. V.45 and P.B. V.46) have congenital deafness but there is no other history of deafness in the family.
V.37 (J.L.) our propositus and also the propositus in Jacobsen's investigation, was aged 44 at the time of this study. His parents had noted in childhood that his body was not growing in the normal way, that his shoulders seemed to be held abnormally high, that his neck appeared shorter, and that his chest seemed to increase in size out of proportion to the rest of his body. However, he was healthy and active until the age of 15 years when he collapsed with severe back pain and was admitted to the Children's Hospital of Buffalo. It was noted then that his neck was very short and that there was marked kyphosis and pigeon breast with short trunk. At that time radiology showed the classic appearance of flattening and broadening of the vertebral bodies (illusstrated by Jacobsen, 1939) . Figure 3 shows how the broad chest overhung and appeared to encroach on the abdomen. There were dysplastic changes in the hip joints also (Fig. 4) . Investigation was otherwise negative. The patient was treated by the use of a Bradford frame for 12 months after which he gradually began to walk with crutches without pain. Two years after this admission his spine was rigid and free from pain and he walked without difficulty (Jacobsen, 1939) . Further x-rays of the spine showed the characteristic appearance ( Fig. 5a and b).
In subsequent years he lived a very active life, successfully running his own business and piloting a private aeroplane. When re-examined at age 44, he had no spontaneous complaints but noted limitation in movement of the hips and shoulders and occasional pain in the hips and left shoulder. He was conscious of slight shortness of breath. Examination showed a short man (height, 52j inches) with an especially short trunk and marked anterior protrusion of the sternum. There was no kyphosis but rather the spine was straight and rigid, with extra skin folds in the lumbar region. There was slight flexion deformity of the distal interphalangeal joints.
The propositus' three surviving children, aged 16, 15, and 12 were all healthy, and all over 60 inches in height. The eldest (VI.31) had been killed, aged 17, in a motor accident.
V.41 (W.P.) was first seen at 7j years of age when the diagnosis was made by Jacobsen (1939, case 2) . At this time he had complained of pain in legs and back for about two years. He was found to have a protruberant abdomen, marked lordosis and slight scoliosis. Radiology showed vertebral changes; the vertebrae, particularly from the 7th dorsal to the first lumbar appearing nearly ovoid in lateral projection. Minor abnormalities of the sacroiliac joints and of the acetabula and femoral heads, 'mixed cystic and sclerotic changes', were also described.
He was not seen again by us, but x-rays and a blood sample for blood grouping tests were obtained by mail with the help of his own physician in California, when the patient was aged 37. Although recent medical history was not available to us, it is of great interest that the lumbar and lower dorsal spine already show marked calcification of the intervertebral disc regions (Fig. 6) . The hips showed moderate dysplastic changes (Fig. 7) .
V.42 (J.P.) the only brother of V.41, was also seen in childhood, aged 3j, by Jacobsen (1939, case 3) , who remarked that the minor physical finding of lordosis would easily have been overlooked had the family history not been known. However, even at this age, changes were detectable in x-rays of the dorsal spine and there was slight condensation of the acetebular roof.
He was seen by us when he was 33. He had been aware that he stopped growing in height at about the time of adolescence, but he had suffered no disability. On examination, he was 574 inches in height and showed the characteristic appearance (Fig. 8 ) though perhaps in a less marked degree than the other affected men. His chest was barrel shaped and the abdomen was very short. The neck was short, but movements were full and free, as they were throughout the spine, including the lumbar spine. There was full painless movement of the hips and all other joints. Radiology of the spine showed the characteristic changes (Fig. 9) , and there were quite marked dysplastic changes in the hip joints (Fig. 10) inches) with short trunk and slightly rolling gait. The chest appeared barrel-shaped, bulging upwards and outwards in the upper part. The neck was very short.
Lumbar lordosis was exaggerated, but there was no dorsal kyphosis (Fig. 11) . There was slight limitation on movement of the hip joints, particularly of rotation on the right. Other joints moved freely although the right ankle clicked. There was a minor degree of syndactyly of the second and third toes on the right. Radiology showed characteristic changes of the lower dorsal and lumbar vertebrae ( Fig. 12 ) with resulting loss of the normal dorsal kyphosis. There were also dystrophic changes of the femoral heads and necks with flattening of the superior portions of the femoral heads and short femoral necks similar to the changes shown in V.41, his cousin. Radiology of the right foot and ankle showed dysplastic changes involving the astragalus, with flattening of the superior portions of the astragalus and relatively normal subastragular joint. Lumbar spine x-ray of the patient shown in Fig. 11 (V.45) . Note the similarity to the x-rays of his cousin (Fig. 5) Results and Discussion Linkage Study. The informative part of the pedigree includes generations IV (in which three affected males and three carrier females were tested) and generations V and VI. All Xga data are included in Table I . Extensive other blood group data, which are not reported here, were compatible with the stated family relationships.
Results of colour blindness testing are also given in Table I . Two affected males, IV.6 and IV.18, may have been colour blind, but had such poor general vision due to cataracts that they could not be scored with confidence. Two unaffected males, VI.37 and VI.38 showed protan colour blindness.
Linkage between the Xg blood group locus and the SD T locus was estimated from lod scores calculated by an IBM 7094 computer, using the program of Renwick and Schulze (1961) . For transformation of 6 values to w, the method of Carter and Falconer (1951) has been used, following Renwick and Schulze (1964) . The prior probabilities are taken to be proportional to L-w, where L is the map length of the differential part of the X chromosome, assumed here to be 2 morgans. From these values final relative probabilities have been calculated (Table II) and plotted against w (Fig. 13) (1957) , and the radiological findings have been set out by Langer (1964) . In addition to the references already cited, two brothers reported by Halberstaedter (1943) probably had SDT, and a single case was reported in detail by Specht (1968) . The patients of various ages reported here, sometimes re-examined after a long interval, give a picture of the natural history of the disorder. Although symptoms are rarely evident before 7-10 years of age, radiological changes certainly exist earlier in childhood, as early as 3j years as Jacobsen (1939) has reported (V.42 in the present series), and would allow early diagnosis. The absence of such changes in VI.37 and VI.38 at ages 10 and 13 allowed us to reassure their parents with reasonable confidence.
The characteristic clinical features, mentioned above, are shortness of the trunk, with a short neck. Kyphosis is usual but not invariable and there may instead be undue straightness of the spine (Maroteaux et al, 1957) , as seen in the propositus, V.37. The vertebral changes, best seen in lateral x-rays of the lower dorsal and lumbar spine, are pathognomonic, as illustrated by Langer (1964) and here in Figures 5 and 12 . The shortness and broadness of the thorax is usually striking, particularly when seen in an x-ray of the whole body in which it tends to dwarf the narrow pelvis (Fig. 3) . The hip joints of all our patients are severely dysplastic and this may be an invariable feature. Other bony changes are inconstant, but include anomalies of the shoulder joints associated with deformity of the lower end of the radius (Maroteaux et al, 1957) , and minor degrees of flattening of articular surfaces of all large joints including shoulders, knees, and ankles (Langer, 1964) , as in V.45.
Although short stature and disproportion are evident before puberty, severe symptoms in childhood are rare, and the incapacitating back pain in the propositus at 15 is unusual. Generally, there is little disability until secondary arthritic changes appear in the late thirties or early forties. Thus V.42 aged 33, and showing marked radiological changes was conscious of no symptoms and no limitation of activity. His elder brother (V.41) whose spine already showed abnormal intervertebral calcification (Fig. 6 ) at 37, was not known to have symptoms although we did not see him. Yet their cousin (V.37) aged 44 was already experiencing stiffness and occasional pain. In the fifties and sixties arthritis becomes bad enough to prevent work and seriously limits activity. It may be suspected that the kyphosis and abnormal rib position impair chest movement and predispose to the development of emphysema and chronic bronchitis, but this has not been documented. Our propositus, at 44, was complaining of shortness of breath, and the older patients might well have been breathless if their activities had not been so much limited by their arthritis.
Intelligence is normal and all the patients we have met were brisk and lively men who had largely triumphed over their limitations. V.45, who was also congenitally deaf, had a skilled job as a foreignlanguage compositor and was also a keen semiprofessional wrestler. There is no evidence of visceral or neuromuscular involvement, but to our knowledge, no necropsy on an SDT patient has been reported.
Total urinary mucopolysaccharide excretion is not increased and metachromatic staining is not seen in cultured fibroblasts from SDT patients, although the hexose content of the cultured cells is increased above that of normal fibroblasts, in common with fibroblasts in other forms of spondyloepiphyseal dysplasia (Danes and Grossman, 1969) . The significance of this observation is uncertain, and as yet no specific metabolic abnormality has been described.
Do heterozygous female carriers show any changes? It has been suggested that they may have a high incidence of arthritis. We were able to examine three sisters who are obligatory carriers (IV.24, 29, and 31). Their stature was normal and while one developed rheumatoid arthritis in her thirties and was found to be partially disabled by a secondary osteoarthritis, especially of the hips, at 65, the other two, in their late fifties, had no important joint complaints and x-rays of their spines and hip joints were normal. Summary Jacobsen's pedigree of X-linked spondyloepiphyseal dysplasia tarda was re-investigated, and 7 affected men, aged from 26 to 67 years were studied. Radiological changes may be evident in early childhood, short stature and disproportion are usually recognized before puberty, and the bony changes lead to secondary osteoarthritis which becomes troublesome in the forties and disabling by the sixties. Heterozygous female carriers show no consistent changes. No specific metabolic abnormality has yet been described.
Linkage studies in this family using the Xg blood group and colour blindness do not demonstrate any close linkage; the maximum probability estimate for the map interval SDT to Xg is 0G40 morgans with wide probability limits.
